STAT1 is a cytoplasmic transcription factor that is phosphorylated by Janus kinases (Jak) in response to interferon-␥ (IFN␥). Phosphorylated STAT1 translocates to the nucleus, where it turns on specific sets of IFN␥-inducible genes. Here, we show that UV light interferes with tyrosine phosphorylation of STAT1, thereby hindering IFN␥ from exerting its biological effects. This effect is not due to a down-regulation of the IFN␥ receptor because phosphorylation of upstream-located Jak1 and Jak2 was not suppressed by UV light. In contrast, UV light had no effect on the phosphorylation of STAT3, which is activated by the proinf lammatory cytokine interleukin 6. The UV light effect on STAT1 phosphorylation could be antagonized by vanadate, indicating at least partial involvement of a protein tyrosine phosphatase. Therefore, this study indicates a mechanism by which UV light can inhibit gene activation and suggests STAT1 as a new extranuclear UV target closely located to the membrane.
Interferon ␥ (IFN␥) is a pleiotropic cytokine with antiproliferative and immunomodulatory activities that are crucial for the regulation of immune responses (1) . IFN␥ signals through a multimeric receptor complex consisting of a ligand binding chain and a transmembrane accessory factor (2, 3) . IFN␥ signaling is initiated when IFN␥ binds to its receptor, thereby inducing its dimerization. Upon this event, the receptorassociated Janus kinases Jak1 and Jak2 start to transphosphorylate each other, resulting in kinase activation. The cytoplasmic domains of the receptors then become tyrosine phosphorylated, enabling interaction with the signal transducer and activator of transcription protein STAT1 (4 -6) . Finally, STAT1 is activated by tyrosine phosphorylation, leading to its dimerization, and translocates to the nucleus, where it activates transcription of IFN␥-responsive genes by binding to the IFN␥-activated sequences (GAS) (7, 8) .
UV light is known for its immunosuppressive properties, which are best demonstrated by the inhibition of cellular immune reactions and by the exacerbation of infectious diseases (9, 10) . UV light induces the release of immunosuppressive cytokines (11) but obviously also can interfere with the biological effects of cytokines; we recently found that UV light counteracts biological activities of IFN␥ (12) . Specifically, we observed that stimulation of the murine keratinocyte line Pam212 with IFN␥ induced mRNA expression of the cytokine interleukin 7 (IL-7) whereas IL-7 transcripts were suppressed in cells that were UV light-exposed before IFN␥ treatment. The inhibitory effect of UV light does not, as initially anticipated, target the IL-7 promoter in a negative regulatory way but hinders IFN␥ from exerting its biological activity. IFN␥ induces IL-7 mRNA expression via activation of an IFNstimulated response element located in the 5Ј upstream region of the IL-7 gene (13) by inducing the transcription factor IFN regulatory factor 1 (IRF-1), which binds to the IFN-stimulated response element (14) . Electrophoretic mobility-shift assays (EMSA) revealed that IFN␥ significantly induced IRF-1 binding whereas UV treatment remarkably decreased IFN␥-induced IRF-1 binding. Northern blot analysis indicated that UV light reduced IFN␥-induced IRF-1 mRNA (12) .
Because IFN␥ is an important immunomodulatory cytokine, inhibition of its activity by UV light may contribute to its immunosuppressive properties. Therefore and based on the fact that inhibition of cytokine activities may represent a new biological activity of UV light, we were interested to clarify the molecular mechanisms underlying the inhibition of IRF-1 mRNA expression by UV light. Here we show that UV light interferes with tyrosine phosphorylation of STAT1, thereby preventing binding of STAT1 to the GAS element in the IRF-1 promoter. This study both indicates a mechanism by which UV light inhibits gene activation and suggests STAT1 as a further extranuclear, closely membrane-located UV light target.
MATERIALS AND METHODS
Cell Culture and Treatment of Cells. The murine keratinocyte cell line Pam212 was cultured in supplemented RPMI 1640 medium. UV irradiation was performed as described (15) using FS-40 bulbs (Westinghouse Electric, Pittsburgh), which emit most of the energy in the UVB range (290 -320 nm). A dose of 250 J͞m 2 was used throughout the study because this dose yielded the optimal effect without significantly affecting cell viability. Thereafter, cells were medium supplemented with or without recombinant murine IFN␥ (Genzyme) added. Unless otherwise stated, experiments were performed at least three times, and data shown are representative of one of those.
Chloramphenicol Acetyltransferase (CAT) Assay. Using a calcium͞phosphate coprecipitation method, cells were transfected with the GAS oligonucleotide (5Ј-AGCCTGATTTC-CCCGAAATGATGAGGCCGAGTGC-3Ј) and cloned just upstream of the thymidine kinase promoter; CAT coding sequencing (pGAScat) followed. Thirty six hours after transfection, cells were treated with IFN␥ and UV light, respectively; 18 h later protein fractions were extracted. Enzymatic activity of CAT was determined using [ 3 H]-chloramphenicol, and CAT activities obtained were normalized by ␤-galactosidase activity derived from cotransfection of a cytomegalovirus promoter-driven ␤-galactosidase expression vector.
EMSA. Fifteen minutes after stimulation, cells were swelled in hypotonic buffer as described (12) . After addition of Nonidet P-40, cell suspensions were minifuged, and supernatants were kept for Western blot analysis as cytosolic protein fractions. To extract nuclear proteins, pellets were resus-pended in hypertonic buffer (hypotonic buffer supplemented with 0.4 M NaCl), incubated for 15 min on ice, and minifuged. EMSA was performed as described (12) , and binding reactions were carried out by addition of 2 g of poly(dI⅐dC) (Boehringer Mannheim) and 10 4 cpm of 32 P-labeled, double-stranded oligonucleotide for 20 min at 22°C. To characterize binding, antibodies (Ab) were added to the reactions and incubated at 4°C for 30 min. Reaction mixture was applied onto native high ionic gel [1ϫ Tris͞glycine buffer͞4% acrylamide (acrylamide/ bis ratio, 30:1)͞2.5% glycerol), electrophoresis was done at 120 V for 1.5 h, and blots were autoradiographed. Oligonucleotides derived from the IRF-1 gene (GAS-IRF-1) had the following sequence: 5Ј-AGCCTGATTTCCCCGAAATGATGAGGC-CGAGTGC-3Ј (IFN response element responsible for GAS activation by STAT1 is underlined).
Competition analysis was performed by adding the following competitors: IFN-stimulated response element-IL7: 5Ј-AGTAGAAACTGAAAGTACC-3Ј; mutant (mu) GAS: 5Ј-AGCCTGATTTCCCCGTTTTGATGAGGCCGAGTGC-3Ј (the substitution from AAA to TTT to abolish the binding region of the GAS-IRF1 probe is underlined).
Immunoprecipitation and Western Blot Analysis. Fifteen minutes after treatment, cells were washed with PBS containing 1 mM sodium orthovanadate (Na 3 VO 4 ) and were lysed in radioimmunoprecipitation assay buffer (10 mM Tris, pH 8͞150 mM sodium chloride͞1% Nonidet P-40͞0.5% sodium deoxycholate͞0.1% SDS͞1 mM Na 3 VO 4 ͞1 mM phenylmethylsulfonyl fluoride͞4 g/ml aprotinin). Proteins from lysates were immunoprecipitated with Ab against STAT1 or STAT3 (Upstate Biotechnology, Lake Placid, NY) and protein A at 4°C overnight and washed four times in radioimmunoprecipitation assay buffer by centrifugation at 2500 rpm, 4°C for 5 min. Precipitated proteins were released from protein A beads by boiling in the presence of 5% 2-mercaptoethanol. Samples were fractionated in 7.5% SDS͞PAGE and blotted onto nitrocellulose membranes (Hybond enhanced chemiluminescence, Amersham), and Western blot analysis was performed using an Ab against phosphotyrosine (4G10; Upstate Biotechnology). The same membranes were reprobed with Ab directed against STAT1 or STAT3 (Santa Cruz Biotechnology). Signals were detected using an enhanced chemiluminescence kit. For detection of IB, cytosolic protein fractions were analyzed in 12% SDS͞PAGE by Western blot using an Ab against IB (Santa Cruz Biotechnology).
Autophosphorylation Assay. Five minutes after stimulation, cells were washed twice with ice-cold PBS containing 1 mM Na 3 VO 4 and detached with a rubberpoliceman. Cells were resuspended in 1 ml of lysis buffer (30 mM Tris, pH 7.5͞150 mM NaCl͞1 mM phenylmethylsulfonyl fluoride͞60 g͞ml aprotinin͞1 mM Na 3 VO 4 ͞1% Nonidet P-40͞10% glycerol), incubated on ice for 15 min, vortexed, and minifuged at 14,000 rpm, 4°C for 15 min. Protein A bead-coupled Ab directed against Jak1 and Jak2 (Upstate Biotechnology) were added to supernatants, and immunoprecipitation was performed at 4°C for 3 h. Complexes were washed twice in lysis buffer by centrifugation at 2500 rpm, 4°C for 5 min and twice in kinase buffer [20 32 P]ATP␥, and kinase reaction was carried out at 25°C for 15 min. Reaction was stopped by SDS sample buffer containing 2.5% 2-mercaptoethanol and boiling for 5 min, and labeled samples were separated from protein A beads by centrifugation. Samples were run on 7.5% SDS͞PAGE at 120 V for 2 h. After blotting, membranes were exposed to x-ray films at room temperature. Western blots were performed using Ab against Jak1 and Jak2.
RESULTS

UV Light Inhibits Activation of the GAS Element by IFN␥.
Induction of IRF-1 mRNA by IFN␥ is controlled by the GAS element (16), so we addressed whether UV light inhibits activation of the GAS element. Thus, Pam212 cells were transfected with a construct containing the GAS oligonucleotide just upstream of the thymidine kinase promoter followed by CAT coding sequence. Whereas addition of IFN␥ significantly induced CAT activity, exposure of cells to 250 J͞m 2 UV light immediately before IFN␥ addition almost completely abolished CAT induction (Fig. 1A) . Because activated STAT1 interacts with the GAS sequence (17), we performed EMSA with nuclear protein extracts from Pam212 cells that were exposed to IFN␥ alone or to IFN␥ plus UV light. UV exposure suppressed IFN␥-induced STAT1 binding (Fig. 1B) . In most of the EMSA, nonspecific bands appeared whose nature was not identified, so specificity was proven by incubating the extracts with a STAT1-specific Ab, resulting in loss of the corresponding band ( from IFN␥ plus UV light-treated cells was not phosphorylated (Fig. 2A ). This suggests that UV light interferes with IFN␥-induced tyrosine phosphorylation of STAT1, thereby preventing activation of the GAS element in the IRF-1 promoter by IFN␥. UV light is known to activate several transcription factors including NF-B or AP-1 (18) (19) (20) (21) , thus the present findings indicate that UV light can affect transcription activators in a negative regulatory way and may do so by interfering with phosphorylation. At present, the sequences of six mammalian STAT family members have been reported (8) . STAT proteins exhibit Src homology region 2 domains that bind to receptor phosphotyrosines, after which the STAT proteins are phosphorylated. To address whether UV light interferes with STAT protein phosphorylation in general, we studied the effect of UV light on STAT3 phosphorylation. STAT3 is involved in IL-6 signaling (22, 23) . Binding of IL-6 to its receptor leads to phosphorylation of the kinases Jak1, Jak2, and Tyk2, finally inducing tyrosine phosphorylation of STAT3. Pam212 cells were stimulated with IL-6, UV light alone, or UV light followed by IL-6 stimulation. Fifteen minutes thereafter, proteins were immunoprecipitated with an anti-STAT3 Ab, and Western blot analysis was performed using Ab against phosphotyrosine and STAT3. Whereas stimulation with IL-6 resulted in STAT3 phosphorylation, treatment of cells with UV light alone had no effect on STAT3 (Fig. 2B) . In contrast to the findings with STAT1, STAT3 proteins precipitated from cells treated with UV light plus IL-6 turned out to be phosphorylated as in cells stimulated with IL-6 alone.
UV Light Does Not Inhibit Jak1 and Jak2 Phosphorylation. Phosphorylation of STAT1 is a consequence of activation of the IFN␥ receptor after ligand binding, so UV light could indirectly inhibit STAT1 phosphorylation simply by downregulating the IFN␥ receptor. To determine whether UV light interferes with IFN␥-activated phosphorylation of STAT1 or rather indirectly via modulation of the IFN␥ receptor, the effect of UV light on the IFN␥ receptor-associated tyrosine kinases Jak1 and Jak2 was addressed. Jak1 and Jak2 are both required for the IFN␥ response and become tyrosinephosphorylated upon ligand binding (24, 25) . Lysates from IFN␥-treated or IFN␥ plus UV light-treated cells were immunoprecipitated with an Ab against Jak1 (Fig. 3A) and analyzed by anti-phosphotyrosine immunoblotting. IFN␥-induced Jak1 phosphorylation was not affected when cells were preexposed to UV light. Similar findings were observed after Jak2 immunoprecipitation (Fig. 3B) .
To determine whether Jak1 and Jak2 precipitated from UV light-exposed cells are functionally active, we addressed the autophosphorylation capacity of both proteins by in vitro kinase assays. Cells were exposed to IFN␥, UV light, or IFN␥ plus UV light or were left untreated; 5 min later immunoprecipitation was performed, and precipitated Jaks were reacted with [ 32 P]ATP␥. Although weak autophosphorylation of Jak1 was observed in precipitates from untreated controls, autophosphorylation was significantly induced in IFN␥-treated cells, which, however, was not suppressed but even enhanced in precipitates from cells that were UV light-exposed before IFN␥ stimulation (Fig. 3C) . Similar findings were observed with Jak2 extracts. These data suggest that UV light-mediated inhibition of STAT1 phosphorylation takes place downstream of active sites of Jak1 and Jak2 and that the inhibitory effect of UV light may directly affect the STAT1 protein or, even if indirectly, should be very near this phosphorylation event.
Vanadate but Not Lactacystin Counteracts the UV Light Effect. UV light could down-regulate phosphorylated STAT1 by directly inhibiting IFN␥-induced phosphorylation of STAT1. However, it recently was recognized that the amount of phosphorylated STAT1 does not only depend on the rate of . Cell lysates were precipitated with Ab directed against Jak1 and Jak2. For autophosphorylation (AP), precipitated proteins were reacted with [ 32 P]ATP␥. To monitor equal loading of samples, the same membranes were subjected to Western blot analysis (WB) using Ab directed against Jak1 and Jak2.
active phosphorylation but also can be influenced by dephosphorylation. The amount of phosphorylated STAT1 is maximal between 15 and 30 min after IFN␥ treatment and then rapidly decreases to undetectable levels within 2 h (17, 26). Recently, it was shown that the amounts of phosphorylated STAT1 in IFN␥-treated cells are, at least in part, controlled by ubiquitin-dependent proteolysis of STAT1 because STAT1 activated by IFN␥ was stabilized by the proteasome inhibitor MG132 (26) . To determine whether this pathway was involved in our system, Pam 212 cells were incubated with the proteasome inhibitor lactacystin and stimulated with IFN␥ or IFN␥ plus UV light or were left unstimulated. Fifteen minutes later, EMSA was performed using the synthetic GAS oligonucleotide. Although IFN␥ induced STAT1 binding, binding was significantly reduced in extracts obtained from cells exposed to UV light before IFN␥ treatment (Fig. 4A) . The inhibitory effect of UV light, however, was not affected by lactacystin, suggesting that UV light-induced down-regulation of STAT1 phosphorylation may not be mediated via the proteasome pathway. To prove whether lactacystin acts as a proteasome inhibitor in our hands, the effect of IB degradation was addressed. It has been reported that proteasome inhibitors block inducible degradation of IB in mammalian cells (27) . UV light is known to activate NF-B (18, 20) , so the effect of lactacystin on UV light-induced IB degradation was addressed. Therefore, from the same cell preparations, cytosolic protein fractions were subjected to Western blot analysis with an Ab against IB. The efficacy of lactacystin to inhibit the proteasome pathway is demonstrated in the lower panel of Fig.  4A , showing that lactacystin inhibited UV light-induced IB degradation.
There is also evidence that removal of activated STAT1 molecules from the nucleus appears not to be proteolytic but depends on a protein tyrosine phosphatase(s) (28) . To determine whether phosphatase(s) may be involved in downregulating phosphorylation of STAT1 by UV light, EMSA was performed in the presence of the phosphatase inhibitor sodium orthovanadate. Cells were incubated with 1 mM sodium orthovanadate for 30 min, washed extensively, and stimulated with IFN␥ or IFN␥ plus UV light or left unstimulated. Fifteen minutes later, EMSA was performed using the synthetic GAS oligonucleotide. Vanadate counteracted UV light-mediated inhibition of STAT1 binding (Fig. 4B) . To confirm these data, nuclear extracts were obtained 15 min after stimulation, and Western blot analysis was performed with Ab directed against STAT1 and phosphotyrosine, respectively. In accordance with the EMSA, phosphorylated STAT1 was significantly reduced after UV exposure, and this inhibition was reduced again by vanadate (Fig. 4D) . Activation of a phosphatase by UV light should induce an increased rate of dephosphorylation, and thus UV light should be active even when applied after IFN␥. Thus, Pam212 cells were first treated with IFN␥ and UV light exposed immediately, 30 or 45 min thereafter. EMSA revealed reduced binding activity of the samples treated with UV light after IFN␥ (Fig. 5) ; however, the suppressive effect became weaker with increasing time lag between IFN␥ and UV light treatment. Together, these data suggest that activation of a phosphatase by UV light may partially contribute to this inhibitory effect; however, direct inhibition of the phosphorylation of the STAT1 protein by UV light has to be considered as a further possibility because vanadate did not completely counteract the UV light effect and furthermore both pathways are not mutually exclusive.
DISCUSSION
UV light, in particular the middle wave length range between 290 and 320 nm (UVB), has one of the most relevant environmental impacts because of its health-hazardous effects, including skin aging, induction of skin cancer, and exacerbation of infectious diseases (10, 29, 30) . Like other adverse agents (alkylating chemicals, oxidants), UV light induces changes in mammalian gene expression (31) (32) (33) . Induction of gene expression depends on the activation of specific transcription factors, including activation of NF-B and AP-1 (18) (19) (20) (21) . Among a variety of others, genes encoding for cytokines are induced by UV light, ultimately resulting in the release of the majority of these mediators. Consequently, UV light has been recognized as a potent inducer of cytokine secretion (11) . Because cytokines are important inflammatory and immunologic mediators, UV light, by exerting this effect, 4) ; 15 min later, nuclear protein fractions were extracted, and EMSA was performed using the GAS oligonucleotide. From the same cell preparations, cytosolic protein fractions were obtained and fractionated on SDS͞PAGE, and Western blot was analysis performed using an Ab directed against IB. (B) Cells were first incubated in the presence (lanes 4-6) or absence (lanes 1-3) of 1 mM sodium orthovanadate for 30 min, washed extensively twice with PBS, and stimulated with IFN␥ (lanes 2 and 5) or IFN␥ plus UV light (lanes 3 and 6) or left unstimulated (lanes 1 and 4) . EMSA was performed using the GAS oligonucleotide. To avoid overloading of the gels, 3 g of protein was loaded according to protein titration (Right). (C) Lanes 1-6 were quantitated by densitometry. (D) Cells were treated in the same way as in B; 15 min thereafter nuclear protein fractions were obtained, fractionated by 7.5% SDS͞PAGE, and subjected to Western blot analysis using an Ab directed against STAT1 (Upper) and phosphotyrosine (Lower).
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Proc. Natl. Acad. Sci. USA 94 (1997) 11493 significantly influences immunologic and inflammatory reactions. Besides its inflammatory activities, UV light exhibits potent immunosuppressive properties. In contrast to the proinflammatory activities of UV light, the immunosuppressive properties are less well understood. Recently, we observed that UV light, in addition to its influence on the release of cytokines, also may interfere with their biological activities (12) . UV light was found to counteract particular activities of IFN␥ by inhibiting the expression of the transcription factor IRF-1. This may represent a new biological effect of UV light and may contribute to its immunosuppressive properties, so we were interested in clarifying the underlying molecular mechanism. IFN␥ induces IRF-1 expression by activating the GAS element located in the IRF-1 promoter, so first we addressed whether UV light inhibits activation of GAS. Usage of a minimal promoter construct containing the GAS oligonucleotide indicated that UV light prevents IFN␥-induced GAS activation. This was confirmed by EMSA, revealing that UV light almost completely inhibited binding of the GAS oligonucleotides to protein extracts from cells that were exposed to UV light immediately before stimulation with IFN␥. Because STAT1 needs to be tyrosine-phosphorylated to bind to the GAS element (17), we asked whether UV light interferes with the phosphorylation of STAT1. Immunoprecipitates from cells that were UV light-exposed before stimulation with IFN␥ revealed STAT1 not to be tyrosine-phosphorylated, suggesting that UV light inhibits IFN␥-induced IRF-1 expression by preventing phosphorylation of STAT1. Because all STAT proteins bind to receptor phosphotyrosine via Src homology region domains [which results in the phosphorylation of STAT and ultimately enables DNA binding (8) ], the question emerged whether UV light interferes with phosphorylation of STAT proteins in general. This, however, does not appear to be the case, because UV light did not affect phosphorylation of STAT3, which is involved in IL-6 signaling (22, 23) . IL-6 is a proinflammatory cytokine whose release by keratinocytes is significantly induced by UV light and that contributes to mediation of UV light-induced local and systemic inflammation (34, 35) . The inability of UV light to inhibit IL-6 signaling is not surprising because it would not make sense that UV light induces the release of IL-6 on the one hand, but would prevent this cytokine from mediating its effects by interfering with its signal transduction pathway on the other. Because IL-6 is a proinflammatory cytokine and IFN␥ is an immunomodulatory one, the present findings of differential effects on cytokine signaling by UV light may help to explain the diverse biological effects of UV light, which causes inflammation (via inducing the release of inflammatory cytokines) on the one hand but inhibits immune reactions (presumably by interrupting the signal transduction of immunomodulatory cytokines) on the other. However, we have not yet addressed whether the findings obtained with IFN␥ and IL-6 are representative for other inflammatory and immunomodulatory cytokines.
STAT1 is tyrosine-phosphorylated as an ultimate consequence of binding of IFN␥ to its receptor, so one has to take into account that failing phosphorylation of STAT1 after UV light exposure is just a consequence of down-regulation of the IFN␥ receptor by UV light. After dimerization of the IFN␥ receptor after IFN␥ binding, Jak1 and Jak2, which are associated with the cytoplasmic domains of the receptor, are brought into apposition and transphosphorylate each other. Therefore, if UV light influences the IFN␥ receptor in a negative way, Jak1 and Jak2 should not be phosphorylated after UV light exposure. However, immunoprecipitations showed that UV light has no inhibitory effect on IFN␥-induced Jak1 and Jak2 phosphorylation, and, based on the autophosphorylation data, UV light even appeared to increase IFN␥-mediated activation of Jak1 and Jak2. This event is located upstream of the phosphorylation of STAT1, thus suggesting that inhibition of STAT1 phosphorylation is not a consequence of IFN␥ receptor modulation by UV light.
The data indicate that UV light may interfere with IFN␥ signaling by interfering with STAT1 phosphorylation, suggesting STAT1 protein as a new UV light target. However, we have no evidence yet whether phosphorylation of STAT1 is directly inhibited by UV light. Data are accumulating that show that the amount of phosphorylated STAT1 does not only depend on the rate of phosphorylation but also on the rate of dephosphorylation. Kim and Maniatis (26) recently proposed that the amounts of phosphorylated STAT1 in IFN␥-treated cells are controlled by ubiquitin-dependent proteolysis because STAT1 activated by IFN␥ treatment was shown to be stabilized by the proteasome inhibitor MG132. Thus, we had to encounter the possibility that UV light activates the proteasome pathway, thereby down-regulating the amounts of phosphorylated STAT1. However, EMSA performed with nuclear protein extracts from the same cell preparations revealed that, in the presence of the proteasome inhibitor lactacystin, IFN␥-activated STAT1 binding was still reduced by UV light, suggesting that dephosphorylation by the proteasome pathway may not explain the inhibitory UV light effect.
Furthermore, it recently was reported that the amount of activated STAT1 in the nucleus is controlled by dephosphorylation upon a protein tyrosine phosphatase, which can be blocked by vanadate (28) . Therefore, Pam212 cells were exposed to IFN␥ or to IFN␥ plus UV light in the presence of vanadate. Preincubation with vanadate antagonized UV lightmediated down-regulation of STAT1 binding, suggesting that activation of a vanadate-inhibitable phosphatase may contribute to the inhibitory effect of UV light. However, these data have to be interpreted cautiously; because vanadate stabilizes IFN␥-activated STAT1, it is difficult to differentiate in this experimental design whether the binding-active STAT1 detected in the UV light sample was caused by inhibition of the UV light effect or simply was caused by stabilization of residual STAT1. However, in the case of the latter possibility, the ratio of binding-active STAT1 between the unirradiated and the UV light-exposed groups should not be changed. Therefore, EMSA was performed with protein concentrations far below the saturation level, which indicated that the binding signal response was linear from the low signal detected in the absence of vanadate to the higher signal seen in its presence. Because, after addition of vanadate, the difference in the amounts of binding-active STAT1 between the IFN␥-and the UV lighttreated samples was significantly reduced as determined by densitometry (Fig. 4D) , this favors at least partial involvement of a phosphatase upon UV light exposure. This also was confirmed by anti-STAT1 Western blotting showing significantly increased amounts of phosphorylated STAT1 in the UV light samples after vanadate treatment. Moreover, involvement of a phosphatase also was supported by the observation that the inhibitory effect of UV light is still present when cells are UV light-exposed up to 45 min after IFN␥ treatment, suggesting dephosphorylation as one mechanism. Together, these data indicate at least partial involvement of a phosphatase; however, this does not exclude the possibility that, in addition, UV light could directly inhibit phosphorylation of STAT1 because both mechanisms are not mutually exclusive and because vanadate did not completely antagonize the UV light effect.
UV light induces ligand-independent activation of various receptors, receptor tyrosine kinases, and protein tyrosine kinases at the inner side of the plasma membrane (36) (37) (38) (39) (40) . Recently, UV light was found to cause epidermal and plateletderived growth factor receptor autophosphorylation by inhibiting dephosphorylation of these receptors, presumably by targeting membrane-associated protein tyrosine phosphatases (41) . Although these data suggest inhibition of phosphatase activity by UV light, our data imply activation of a phosphatase(s) by UV light. The reasons for this discrepancy remain to be determined; however, because the phosphatases involved in both systems have not been characterized, it is not clear whether the same phosphatase(s) are involved. Selective influences on the multiple phosphatases by UV light also are supported by the fact that autophosphorylation of Jak1 and Jak2 was not inhibited by UV light but even enhanced, suggesting that different phosphatases are involved and modulated by UV light in a selective way. Furthermore, the UV doses applied in the study by Knebel et al. (41) differ significantly from those applied in our study. In the study by Knebel et al., UVB and UVC doses up to 3000 J͞m 2 were applied, which are lethal, whereas in our study only UVB doses up to 250 J͞m 2 were used, which do not kill the cells at significant levels and therefore imply physiological relevance.
